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A. Código programas del flujo de cargas fundamental 
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A1. Programación del flujo de cargas con Matlab 
function gsTP1 
clear all 
close all 
clc 
 
% DATOS DE LAS LINEAS 
 
zl_12=1j*0.046667; 
zl_34=1j*0.028655; 
zl_56=1j*0.066667; 
zl_23=0.010+1j*0.083; yt_23=1j*0.073; 
zl_26=0.013+1j*0.037; yt_26=1j*0.120; 
zl_37=0.010+1j*0.029; yt_37=1j*0.093; 
zl_67=0.012+1j*0.099; yt_67=1j*0.087; 
 
%DATOS DE LOS BUSES 
 
%BUS 1: SLACK 
V1ef=0.98; 
PD1=0.4; 
QD1=0.3; 
 
delta1=0*(pi/180); 
V1=V1ef*exp(1j*delta1); 
 
%BUS 2 
PG2=0; 
QG2=0; 
PD2=0.6; 
QD2=0.8; 
 
P2=PG2-PD2; 
Q2=QG2-QD2; 
 
%BUS 3 
PG3=0; 
QG3=0; 
PD3=0.4; 
QD3=0.3; 
 
 
P3=PG3-PD3; 
Q3=QG3-QD3; 
 
%BUS 4: PV 
V4ef=0.9675; 
PG4=0.8; 
PD4=0.8; 
QD4=0.6; 
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P4=PG4-PD4; 
 
%BUS 5: PQ 
PG5=1.3; 
QG5=0.60; 
PD5=0.3; 
QD5=0.4; 
 
 
P5=PG5-PD5; 
Q5=QG5-QD5; 
 
%BUS 6 
PG6=0; 
QG6=0; 
PD6=0.4; 
QD6=0.3; 
 
 
P6=PG6-PD6; 
Q6=QG6-QD6; 
 
%BUS 7 
PG7=0; 
QG7=0; 
PD7=1.5; 
QD7=2; 
 
P7=PG7-PD7; 
Q7=QG7-QD7; 
 
%CALCULO DE Ybus 
Y11=(1/zl_12); 
Y22=(1/zl_12)+(1/zl_23)+(1/zl_26)+(yt_23)+(yt_26); 
Y33=(1/zl_34)+(yt_37)+(1/zl_23)+(1/zl_37)+(yt_23); 
Y44=(1/zl_34); 
Y55=(1/zl_56); 
Y66=(1/zl_26)+(1/zl_56)+(1/zl_67)+(yt_26)+(yt_67); 
Y77=(1/zl_37)+(1/zl_67)+(yt_37)+(yt_67); 
Y12=(-1/zl_12); 
Y13=0; 
Y14=0; 
Y15=0; 
Y16=0; 
Y17=0; 
Y21=(-1/zl_12); 
Y23=(-1/zl_23); 
Y24=0; 
Y25=0; 
Y27=0; 
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Y26=(-1/zl_26); 
Y31=0; 
Y35=0; 
Y36=0; 
Y32=(-1/zl_23); 
Y34=(-1/zl_34); 
Y37=(-1/zl_37); 
Y41=0; 
Y42=0; 
Y45=0; 
Y46=0; 
Y47=0; 
Y43=(-1/zl_34); 
Y51=0; 
Y52=0; 
Y53=0; 
Y54=0; 
Y57=0; 
Y56=(-1/zl_56); 
Y61=0; 
Y63=0; 
Y64=0; 
Y62=(-1/zl_26); 
Y65=(-1/zl_56); 
Y67=(-1/zl_67); 
Y71=0; 
Y72=0; 
Y74=0; 
Y75=0; 
Y73=(-1/zl_37); 
Y76=(-1/zl_67); 
Ybus=[Y11 Y12 Y13 Y14 Y15 Y16 Y17;... 
Y21 Y22 Y23 Y24 Y25 Y26 Y27;... 
Y31 Y32 Y33 Y34 Y35 Y36 Y37;... 
Y41 Y42 Y43 Y44 Y45 Y46 Y47;... 
Y51 Y52 Y53 Y54 Y55 Y56 Y57;... 
Y61 Y62 Y63 Y64 Y65 Y66 Y67;... 
Y71 Y72 Y73 Y74 Y75 Y76 Y77] 
 
iter=0; 
V20=1*exp(1j*0*(pi/180)); 
V30=1*exp(1j*0*(pi/180)); 
V40=V4ef*exp(1j*0*(pi/180)); 
V50=1*exp(1j*0*(pi/180)); 
V60=1*exp(1j*0*(pi/180)); 
V70=1*exp(1j*0*(pi/180)); 
x=[V20 V30 V40 V50 V60 V70]; 
error=10; 
x_all_GS=[iter x]; 
error_all_GS=[iter error 0 0 0 0 0 0]; 
 
while error>=1e-4 && iter<100 
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x_old=x; 
V2_old=x_old(1); 
V3_old=x_old(2); 
V4_old=x_old(3); 
V5_old=x_old(4); 
V6_old=x_old(5); 
V7_old=x_old(6); 
 
%Bus 2 PQ 
V2=(1/Y22)*(((P2-1j*Q2)/conj(V2_old))-Y21*V1-... 
(Y23*V3_old+Y24*V4_old+Y25*V5_old+Y26*V6_old+Y27*V7_old)); 
 
%Bus 3 PQ 
V3=(1/Y33)*(((P3-1j*Q3)/conj(V3_old))-Y31*V1-(Y32*V2)-... 
(Y34*V4_old+Y35*V5_old+Y36*V6_old+Y37*V7_old)); 
 
%Bus 4 PV 
Q4=imag(V4_old*conj(Y41*V1+(Y42*V2+Y43*V3)+... 
(Y44*V4_old+Y45*V5_old+Y46*V6_old+Y47*V7_old))); 
delta4=angle((1/Y44)*(((P4-1j*Q4)/conj(V4_old))-Y41*V1-... 
(Y42*V2+Y43*V3)-(Y45*V5_old+Y46*V6_old+Y47*V7_old))); 
V4=V4ef*exp(1j*delta4); 
 
%Bus 5 PQ 
V5=(1/Y55)*(((P5-1j*Q5)/conj(V5_old))-Y51*V1-(Y52*V2+Y53*V3+Y54*V4)... 
-(Y56*V6_old+Y57*V7_old)); 
 
%Bus 6 PQ 
V6=(1/Y66)*(((P6-1j*Q6)/conj(V6_old))-Y61*V1-... 
(Y62*V2+Y63*V3+Y64*V4+Y65*V5)-(Y67*V7_old)); 
 
%Bus 7 PQ 
V7=(1/Y77)*(((P7-1j*Q7)/conj(V7_old))-Y71*V1-... 
(Y72*V2+Y73*V3+Y74*V4+Y75*V5+Y76*V6)); 
x=[V2 V3 V4 V5 V6 V7]; 
error=norm(abs(x-x_old),inf); 
%error=norm(abs(x-x_old),2); 
error_V2=abs(V2-V2_old); 
error_V3=abs(V3-V3_old); 
error_V4=abs(V4-V4_old); 
error_V5=abs(V5-V5_old); 
error_V6=abs(V6-V6_old); 
error_V7=abs(V7-V7_old); 
iter=iter+1; 
x_all_GS=[x_all_GS; iter x]; 
error_all_GS=[error_all_GS; iter error error_V2 error_V3 error_V4 error_V5 
error_V6 error_V7]; 
end 
 
fprintf('\n') 
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disp('iter Mod_V2 Ang_V2 Mod_V3 Ang_V3 Mod_V4 Ang_V4 Mod_V5 Ang_V5 Mod_V6 Ang_V6 
Mod_V7 Ang_V7') 
 
fprintf('%4.0f %8.4f %8.4f %8.4f %8.4f %8.4f %8.4f %8.4f %8.4f %8.4f %8.4f %8.4f 
%8.4f\n',... 
[x_all_GS(:,1) abs(x_all_GS(:,2)) angle(x_all_GS(:,2))*(180/pi)... 
abs(x_all_GS(:,3)) angle(x_all_GS(:,3))*(180/pi)... 
abs(x_all_GS(:,4)) angle(x_all_GS(:,4))*(180/pi)... 
abs(x_all_GS(:,5)) angle(x_all_GS(:,5))*(180/pi)... 
abs(x_all_GS(:,6)) angle(x_all_GS(:,6))*(180/pi)... 
abs(x_all_GS(:,7)) angle(x_all_GS(:,7))*(180/pi)].') 
fprintf('\n') 
disp('iter error error_V2 error_V3 error_V4 error_V5 error_V6 error_V7') 
fprintf('%4.0f %8.4f %8.4f %8.4f %8.4f %8.4f %8.4f %8.4f\n',error_all_GS.') 
fprintf('\n') 
 
%FLUJOS DE POTENCIA EN TODAS LAS LÍNEAS 
 
S12=V1*conj((V1-V2)/zl_12) 
S21=V2*conj(((V2-V1)/zl_12)) 
S23=V2*conj(((V2-V3)/zl_23)+(yt_23/2)*V2) 
S26=V2*conj(((V2-V6)/zl_26)+(yt_26/2)*V2) 
S32=V3*conj(((V3-V2)/zl_23)+(yt_23/2)*V3) 
S34=V3*conj((V3-V4)/zl_34) 
S37=V3*conj(((V3-V7)/zl_37)+(yt_37/2)*V3) 
S43=V4*conj((V4-V3)/zl_34) 
S56=V5*conj((V5-V6)/zl_56) 
S62=V6*conj(((V6-V2)/zl_26)+(yt_26/2)*V6) 
S65=V6*conj((V6-V5)/zl_56) 
S67=V6*conj(((V6-V7)/zl_67)+(yt_67/2)*V6) 
S73=V7*conj(((V7-V3)/zl_37)+(yt_37/2)*V7) 
S76=V7*conj(((V7-V6)/zl_67)+(yt_67/2)*V7) 
%POTENCIAS INYECTADAS EN TODOS LOS BUSES 
S1=S12 
S2=S21+S23+S26 
S3=S32+S34+S37 
S4=S43 
S5=S56 
S6=S62+S65+S67 
S7=S73+S76 
 
%POTENCIAS ACTIVA Y REACTIVA GENERADA EN EL BUS 1 
SD1=PD1+1j*QD1; 
SG1=S1+SD1 
 
%POTENCIA REACTIVA GENERADA EN EL BUS 4 
QG4=imag(S4)+QD4 
 
%RENDIMIENTO DE LA RED 
S=[S1 S2 S3 S4 S5 S6 S7]; 
i=1; 
num=0; 
Estudios de flujo armónico de cargas en sistemas eléctricos utilizando el paquete informático MATPOWER 
 
  9 
den=0; 
while i<=7 
if real(S(i))<0 
num=num+abs(real(S(i))); 
else 
den=den+real(S(i)); 
end 
i=i+1; 
end 
rend=100*num/den 
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A2. Archivo de entrada de datos del flujo de cargas con 
MATPOWER 
Programación en MATPOWER 
 
 
function mpc = case_tfg_6B 
%CASE Power flow data for 7 bus, 3 generator case. 
%   Please see CASEFORMAT for details on the case file format. 
% 
%    
%   MATPOWER 
  
%% MATPOWER Case Format : Version 2 
mpc.version = '2'; 
  
%%-----  Power Flow Data  -----%% 
%% system MVA base 
mpc.baseMVA = 100; 
 
%% bus data 
%   bus_i   type    Pd  Qd  Gs  Bs  area    Vm  Va  baseKV  zone    
Vmax    Vmin 
mpc.bus = [ 
    1   3   40   30     0   0   1  0.98    0  11       1   1.1  0.9; 
    2   1   60   80     0   0   1  1       0  220      1   1.1  0.9; 
    3   1   40   30     0   0   1  1       0  220      1   1.1  0.9; 
    4   2   80   60  0  0   1  0.9675  0  25.5814  1   1.1  0.9; 
    5   1   30   60     0   0   1  1       0  25       1   1.1  0.9; 
    6   1   60   80     0   0   1  1       0  220      1   1.1  0.9; 
    7   1   150  200    0   0   1  1       0  220      1   1.1  0.9; 
]; 
  
%% generator data 
%   bus Pg  Qg  Qmax    Qmin    Vg  mBase   status  Pmax    Pmin    
Pc1 Pc2 Qc1min  Qc1max  Qc2min  Qc2max  ramp_agc    ramp_10 ramp_30 
ramp_q  apf 
mpc.gen = [ 
    1   0    0   9999  -9999  0.98    100   1  99999999  0  0   0   0   
0   0   0   0   0   0   0   0; 
    4   80   0   9999  -9999  0.9675  100   1  99999999  0  0   0   0   
0   0   0   0   0   0   0   0; 
    5   130  60  9999  -9999  1       100   1  99999999  0  0   0   0   
0   0   0   0   0   0   0   0; 
]; 
  
%% branch data 
%ºfbus  tbus    r   x       b   rateA   rateB   rateC  ratio    angle   
status  angmin  angmax 
mpc.branch = [ 
    1   2   0.00000  0.04667  0.00000  400  400  400  0  0  1  -360  
360; 
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    2   3   0.01030  0.08264  0.14520  400  400  400  0  0  1  -360  
360; 
    3   4   0.00000  0.02865  0.00000  400  400  400  0  0  1  -360  
360; 
    2   6   0.01301  0.03719  0.23958  400  400  400  0  0  1  -360  
360; 
    3   7   0.01013  0.02892  0.18634  400  400  400  0  0  1  -360  
360; 
    6   7   0.01239  0.09917  0.17424  400  400  400  0  0  1  -360  
360; 
    5   6   0.00000  0.06667  0.00000  400  400  400  0  0  1  -360  
360; 
]; 
  
%%-----  OPF Data  ---- 
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B. Código programa del flujo armónico de cargas en MATLAB 
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B1. Diagrama de Flujo 
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B2. bus_HP_FLFm_VN.m 
function bus_HP_FLFm_VN 
 
clear all 
close all 
clc 
 
format long 
 
% ******************************************************** 
% DATOS DE LA RED 
% ******************************************************** 
 
% Carga capacitiva bus 2 
Xc2 = 1.6667; 
Yc2 = 1/(-1i*Xc2); 
 
% Impedancias longitudinales 
Z12 = 5.1653e-4 + 1i*5.1653e-3; 
Z23 = 5.1653e-4 + 1i*5.1653e-3; 
Z13 = 5.1653e-4 + 1i*5.1653e-3; 
 
% Admitancias transversales 
y12 = 1i*6.4533e-3; 
y23 = 1i*6.4533e-3; 
y13 = 1i*6.4533e-3; 
 
% Matriz de admitancias de la linea 
Y11 = 1/Z12 + y12/2 + y13/2 + 1/Z13; 
Y22 = 1/Z12 + y12/2 + y23/2 + 1/Z23 + Yc2; 
Y33 = 1/Z13 + y13/2 + y23/2 + 1/Z23; 
Y12 = -1/Z12; Y21 = Y12; 
Y13 = -1/Z13; Y31 = Y13; 
Y23 = -1/Z23; Y32 = Y23; 
 
Ybus = [Y11 Y12 Y13; Y21 Y22 Y23; Y31 Y32 Y33]; 
 
V1ef=1; 
delta1=0; 
P2=-0.8; 
Q2=-0.6; 
 
% Incognitas 
%*************** 
% V2ef   =  x(1) 
% delta2 =  x(2) 
% V3ef   =  x(3) 
% delta3 =  x(4) 
% t1     =  x(5) 
% t2     =  x(6) 
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% ******************************************************** 
% DATOS DE LA CARGA NO LINEAL 
% ******************************************************** 
 
ncompsU=10; 
ncompsI=10; 
h_max=2*ncompsU-1; 
n_max=2*ncompsI-1; 
 
f=50; 
T=1/f; 
w=2*pi*f; 
h=1:2:h_max; 
wh=h*w; 
 
PHIUhgr=0; 
PHIUhrad=PHIUhgr*(pi/180); 
 
RL=0.0207; 
LL=4.132e-5; 
RC=0; 
LC=0; 
C=2.749e-3; 
R=11.0021; 
 
RE=RL+RC; 
LE=LL+LC; 
D=((LE^2)-(2*LE*RE*R*C)+(RE^2*R^2*C^2)-(4*LE*R^2*C))/(LE^2*R^2*C^2) 
MU=-(1/2)*((LE+(RE*R*C))/(LE*R*C)); 
EPS=sqrt(abs(D))/2; 
LAMB1=MU+EPS; 
LAMB2=MU-EPS; 
TAU=R*C; 
 
K1p=(1/R)+LAMB1*C; 
K2p=(1/R)+LAMB2*C; 
Kpr=(1/R)+MU*C; 
Kpi=EPS*C; 
 
% Constantes del rectificador: 
% C R RE LE D MU EPS LAMB1 LAMB2 TAU K1p K2p Kpr Kpi 
 
 
% ******************************************************** 
% RUTINA PRINCIPAL 
% ******************************************************** 
 
% Valor inicial de tiempos de conmutacion de la carga NL (t10, t20) 
tp=fzero(@(tp)efam(tp,TAU,w),[T/4,T/2]); 
    ti1 = (PHIUhrad/w)-(T/200);    % vector de los t1 para cada frecuencia 
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    ti2 = tp-(PHIUhrad/w);         % vector de los t2 para cada frecuencia 
 
fprintf('Valores iniciales de t:\n t10 = %d\n t20 = %d\n\n',ti1,ti2) 
 
% Valores iniciales de las incognitas de bus y tiempos de conmutacion 
delta20   = 0;       % delta20 radianes 
V2ef0     = 1;       % V2ef pu 
delta30   = 0;       % delta30 radianes 
V3ef0     = 1;       % V3ef pu 
t10       = ti1;     % valor inicial de t1 
t20       = ti2;     % valor inicial de t2 
 
% valor inicial para la primera iteracion 
x0 = [delta20 V2ef0 delta30 V3ef0 t10 t20] 
 
x = fsolve(@(x)equationsystemHP(x,Ybus,V1ef,delta1,P2,Q2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,w,wh,h_max,n_max),x0); 
 
% Solucion del sistema de ecuaciones: 
delta2 =  x(1) 
delta2gr = delta2 * (180/pi) 
V2ef   =  x(2) 
delta3 =  x(3) 
delta3gr = delta3 * (180/pi) 
V3ef   =  x(4) 
t1     =  x(5) 
t2     =  x(6) 
 
 
%************************************************************** 
% VN 
%************************************************************** 
 
bus_HP_VN_1_19(t1,t2,V3ef,delta3,V2ef,delta2,... 
    Xc2,Z12,Z23,Z13,y12,y23,y13,V1ef,delta1,P2,Q2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,w,wh,h_max,n_max 
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B3. efam.m 
function f=efam(tp,TAU,w) 
 
f=exp(-tp/TAU)+cos(w*tp); 
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B4. equationsystemHP.m 
function f=equationsystemHP(x,Ybus,V1ef,delta1,P2,Q2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,w,wh,h_max,n_max) 
 
delta2 =  x(1); 
V2ef   =  x(2); 
delta3 =  x(3); 
V3ef   =  x(4); 
t1     =  x(5); 
t2     =  x(6); 
 
Uhef=[V3ef zeros(1,length(wh)-1)]; 
PHIUhgr=[delta3*(180/pi) zeros(1,length(wh)-1)]; 
 
 
% Llamada a Ifam para obtener el valor de la iteracion actual de I3 fundam. 
 
[Inef,PHIInrad] = Ifam(Uhef,PHIUhgr,t1,t2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,w,wh,h_max,n_max); 
 
I3ef    = Inef(1);      % modulo de la I3 fundam. absorbida por el rect. 
deltaI3 = PHIInrad(1);  % argumento de la I3 fundam. absorbida por el rect. en 
rad 
 
 
V1=V1ef*exp(1i*delta1); 
V2=V2ef*exp(1i*delta2); 
V3=V3ef*exp(1i*delta3); 
Vb=[V1; V2; V3];    %Vector de las 3 tensiones de bus 
Ib=Ybus*Vb;         %Vector de las 3 intensidades inyectadas de bus 
 
 
% Vector de errores 
 
f(1)=P2-real(V2*conj(Ib(2))); 
 
f(2)=Q2-imag(V2*conj(Ib(2))); 
 
f(3)=real(V3ef*exp(1i*delta3)*conj(-I3ef*exp(1i*deltaI3)))... 
    -real(V3*conj(Ib(3))); 
 
f(4)=imag(V3ef*exp(1i*delta3)*conj(-I3ef*exp(1i*deltaI3)))... 
    -imag(V3*conj(Ib(3))); 
 
f(5)=fam1(Uhef,PHIUhgr,t1,t2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,wh); 
 
f(6)=fam2(Uhef,PHIUhgr,t1,t2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,wh); 
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B5. bus_HP_VN_1_19.m 
function bus_HP_VN_1_19(t1,t2,V3ef,delta3,V2ef,delta2,... 
    Xc2,Z12,Z23,Z13,y12,y23,y13,V1ef,delta1,P2,Q2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,w,wh,h_max,n_max) 
 
%************************************************************** 
% VN 
%************************************************************** 
 
    % ******************************************************** 
    % DATOS DE LA RED 
    % ******************************************************** 
 
% Consideramos los harmónicos impares de ordenes 3 a 19 
hh=3:2:19; 
 
% Carga capacitiva bus 2 para cada harmonico hh 
Yhc2 = 1./(-1i*Xc2./hh); 
 
% Impedancias longitudinales para cada harmonico hh 
Zh12 = real(Z12) + 1i*hh*imag(Z12); 
Zh23 = real(Z23) + 1i*hh*imag(Z23); 
Zh13 = real(Z13) + 1i*hh*imag(Z13); 
 
% Admitancias transversales para cada harmonico hh 
yh12 = 1i*imag(y12)*hh; 
yh23 = 1i*imag(y23)*hh; 
yh13 = 1i*imag(y13)*hh; 
 
% Admitancias del bus Slack para cada harmonico hh 
X11 = 4.6168e-3; 
R1 = X11/20; 
Yh1 = 1./(R1+1i*hh*X11); 
 
% Admitancias del bus PQ para cada harmonico hh 
Y12 = -conj(P2+1i*Q2)/(V2ef)^2; 
Z12 = 1/Y12; 
Yh2 = 1./(real(Z12)+1i*hh*imag(Z12)); 
 
% Matriz de admitancias de la linea para cada harmonico hh 
Yh11 = 1./Zh12 + yh12./2 + yh13./2 + 1./Zh13 + Yh1; 
Yh22 = 1./Zh12 + yh12./2 + yh23./2 + 1./Zh23 + Yhc2 + Yh2; 
Yh33 = 1./Zh13 + yh13./2 + yh23./2 + 1./Zh23; 
Yh12 = -1./Zh12; Yh21 = Yh12; 
Yh13 = -1./Zh13; Yh31 = Yh13; 
Yh23 = -1./Zh23; Yh32 = Yh23; 
 
Yhbus = [Yh11 Yh12 Yh13; Yh21 Yh22 Yh23; Yh31 Yh32 Yh33] % Matriz de 3 filas x 27 
columnas para hh=19 
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    %*********************** 
    % Carga No lineal 
    %*********************** 
 
Uhef=[V3ef zeros(1,length(wh)-1)]; 
PHIUhgr=[delta3*(180/pi) zeros(1,length(wh)-1)]; 
 
 
% Llamada a Ifam para obtener el valor de I3 fundam. y armonicos 
 
[Inef,PHIInrad] = Ifam(Uhef,PHIUhgr,t1,t2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,... 
    T,w,wh,h_max,n_max);         % I3h absorbidas por rect. 
 
In = -Inef.*exp(1i*PHIInrad);    % I3h inyectadas por rect. 
 
    % ********************************************* 
    % Producto matricial Vhb = Yhbus^-1 * Ihb 
    % ********************************************* 
 
Ihb = [0 0 0 0 0 0 0 0 0; 
    0 0 0 0 0 0 0 0 0; 
    In(2) In(3) In(4) In(5) In(6) In(7) In(8) In(9) In(10)]; 
 
Y3bus = [Yhbus(1,1) Yhbus(1,10) Yhbus(1,19); 
    Yhbus(2,1) Yhbus(2,10) Yhbus(2,19); 
    Yhbus(3,1) Yhbus(3,10) Yhbus(3,19)]; 
I3b = [Ihb(1,1); Ihb(2,1); Ihb(3,1)]; 
V3b = Y3bus^-1 * I3b;                % Voltajes de nudos del bus para h=3 
 
Y5bus = [Yhbus(1,2) Yhbus(1,11) Yhbus(1,20); 
    Yhbus(2,2) Yhbus(2,11) Yhbus(2,20); 
    Yhbus(3,2) Yhbus(3,11) Yhbus(3,20)]; 
I5b = [Ihb(1,2); Ihb(2,2); Ihb(3,2)]; 
V5b = Y5bus^-1 * I5b;                % Voltajes de nudos del bus para h=5 
 
Y7bus = [Yhbus(1,3) Yhbus(1,12) Yhbus(1,21); 
    Yhbus(2,3) Yhbus(2,12) Yhbus(2,21); 
    Yhbus(3,3) Yhbus(3,12) Yhbus(3,21)]; 
I7b = [Ihb(1,3); Ihb(2,3); Ihb(3,3)]; 
V7b = Y7bus^-1 * I7b;                % Voltajes de nudos del bus para h=7 
 
Y9bus = [Yhbus(1,4) Yhbus(1,13) Yhbus(1,22); 
    Yhbus(2,4) Yhbus(2,13) Yhbus(2,22); 
    Yhbus(3,4) Yhbus(3,13) Yhbus(3,22)]; 
I9b = [Ihb(1,4); Ihb(2,4); Ihb(3,4)]; 
V9b = Y9bus^-1 * I9b;                % Voltajes de nudos del bus para h=9 
 
Y11bus = [Yhbus(1,5) Yhbus(1,14) Yhbus(1,23); 
    Yhbus(2,5) Yhbus(2,14) Yhbus(2,23); 
    Yhbus(3,5) Yhbus(3,14) Yhbus(3,23)]; 
I11b = [Ihb(1,5); Ihb(2,5); Ihb(3,5)]; 
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V11b = Y11bus^-1 * I11b;             % Voltajes de nudos del bus para h=11 
 
Y13bus = [Yhbus(1,6) Yhbus(1,15) Yhbus(1,24); 
    Yhbus(2,6) Yhbus(2,15) Yhbus(2,24); 
    Yhbus(3,6) Yhbus(3,15) Yhbus(3,24)]; 
I13b = [Ihb(1,6); Ihb(2,6); Ihb(3,6)]; 
V13b = Y13bus^-1 * I13b;             % Voltajes de nudos del bus para h=13 
 
Y15bus = [Yhbus(1,7) Yhbus(1,16) Yhbus(1,25); 
    Yhbus(2,7) Yhbus(2,16) Yhbus(2,25); 
    Yhbus(3,7) Yhbus(3,16) Yhbus(3,25)]; 
I15b = [Ihb(1,7); Ihb(2,7); Ihb(3,7)]; 
V15b = Y15bus^-1 * I15b;             % Voltajes de nudos del bus para h=15 
 
Y17bus = [Yhbus(1,8) Yhbus(1,17) Yhbus(1,26); 
    Yhbus(2,8) Yhbus(2,17) Yhbus(2,26); 
    Yhbus(3,8) Yhbus(3,17) Yhbus(3,26)]; 
I17b = [Ihb(1,8); Ihb(2,8); Ihb(3,8)]; 
V17b = Y17bus^-1 * I17b;             % Voltajes de nudos del bus para h=17 
 
Y19bus = [Yhbus(1,9) Yhbus(1,18) Yhbus(1,27); 
    Yhbus(2,9) Yhbus(2,18) Yhbus(2,27); 
    Yhbus(3,9) Yhbus(3,18) Yhbus(3,27)]; 
I19b = [Ihb(1,9); Ihb(2,9); Ihb(3,9)]; 
V19b = Y19bus^-1 * I19b;             % Voltajes de nudos del bus para h=19 
 
 
    % ********************************************* 
    % Impresion de resultados 
    % ********************************************* 
 
fprintf(' V1h1 =   %d <%dº\n',V1ef,delta1*180/pi) 
fprintf(' V1h3 =   %d <%dº\n',abs(V3b(1)),angle(V3b(1))*180/pi) 
fprintf(' V1h5 =   %d <%dº\n',abs(V5b(1)),angle(V5b(1))*180/pi) 
fprintf(' V1h7 =   %d <%dº\n',abs(V7b(1)),angle(V7b(1))*180/pi) 
fprintf(' V1h9 =   %d <%dº\n',abs(V9b(1)),angle(V9b(1))*180/pi) 
fprintf(' V1h11 =  %d <%dº\n',abs(V11b(1)),angle(V11b(1))*180/pi) 
fprintf(' V1h13 =  %d <%dº\n',abs(V13b(1)),angle(V13b(1))*180/pi) 
fprintf(' V1h15 =  %d <%dº\n',abs(V15b(1)),angle(V15b(1))*180/pi) 
fprintf(' V1h17 =  %d <%dº\n',abs(V17b(1)),angle(V17b(1))*180/pi) 
fprintf(' V1h19 =  %d <%dº\n\n',abs(V19b(1)),angle(V19b(1))*180/pi) 
% 
fprintf(' V2h1 =   %d <%dº\n',V2ef,delta2*180/pi) 
fprintf(' V2h3 =   %d <%dº\n',abs(V3b(2)),angle(V3b(2))*180/pi) 
fprintf(' V2h5 =   %d <%dº\n',abs(V5b(2)),angle(V5b(2))*180/pi) 
fprintf(' V2h7 =   %d <%dº\n',abs(V7b(2)),angle(V7b(2))*180/pi) 
fprintf(' V2h9 =   %d <%dº\n',abs(V9b(2)),angle(V9b(2))*180/pi) 
fprintf(' V2h11 =  %d <%dº\n',abs(V11b(2)),angle(V11b(2))*180/pi) 
fprintf(' V2h13 =  %d <%dº\n',abs(V13b(2)),angle(V13b(2))*180/pi) 
fprintf(' V2h15 =  %d <%dº\n',abs(V15b(2)),angle(V15b(2))*180/pi) 
fprintf(' V2h17 =  %d <%dº\n',abs(V17b(2)),angle(V17b(2))*180/pi) 
fprintf(' V2h19 =  %d <%dº\n\n',abs(V19b(2)),angle(V19b(2))*180/pi) 
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% 
fprintf(' V3h1 =   %d <%dº\n',V3ef,delta3*180/pi) 
fprintf(' V3h3 =   %d <%dº\n',abs(V3b(3)),angle(V3b(3))*180/pi) 
fprintf(' V3h5 =   %d <%dº\n',abs(V5b(3)),angle(V5b(3))*180/pi) 
fprintf(' V3h7 =   %d <%dº\n',abs(V7b(3)),angle(V7b(3))*180/pi) 
fprintf(' V3h9 =   %d <%dº\n',abs(V9b(3)),angle(V9b(3))*180/pi) 
fprintf(' V3h11 =  %d <%dº\n',abs(V11b(3)),angle(V11b(3))*180/pi) 
fprintf(' V3h13 =  %d <%dº\n',abs(V13b(3)),angle(V13b(3))*180/pi) 
fprintf(' V3h15 =  %d <%dº\n',abs(V15b(3)),angle(V15b(3))*180/pi) 
fprintf(' V3h17 =  %d <%dº\n',abs(V17b(3)),angle(V17b(3))*180/pi) 
fprintf(' V3h19 =  %d <%dº\n\n',abs(V19b(3)),angle(V19b(3))*180/pi) 
% 
fprintf(' I3h1 =   %d <%dº\n',abs(In(1)),angle(In(1))*180/pi) 
fprintf(' I3h3 =   %d <%dº\n',abs(I3b(3)),angle(I3b(3))*180/pi) 
fprintf(' I3h5 =   %d <%dº\n',abs(I5b(3)),angle(I5b(3))*180/pi) 
fprintf(' I3h7 =   %d <%dº\n',abs(I7b(3)),angle(I7b(3))*180/pi) 
fprintf(' I3h9 =   %d <%dº\n',abs(I9b(3)),angle(I9b(3))*180/pi) 
fprintf(' I3h11 =  %d <%dº\n',abs(I11b(3)),angle(I11b(3))*180/pi) 
fprintf(' I3h13 =  %d <%dº\n',abs(I13b(3)),angle(I13b(3))*180/pi) 
fprintf(' I3h15 =  %d <%dº\n',abs(I15b(3)),angle(I15b(3))*180/pi) 
fprintf(' I3h17 =  %d <%dº\n',abs(I17b(3)),angle(I17b(3))*180/pi) 
fprintf(' I3h19 =  %d <%dº\n\n',abs(I19b(3)),angle(I19b(3))*180/pi) 
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B6. fam1.m 
function f=fam1(Uhef,PHIUhgr,t1,t2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,wh) 
 
Uhmax=sqrt(2)*Uhef; 
PHIUhrad=PHIUhgr*(pi/180); 
Uh=Uhmax.*exp(1i*PHIUhrad); 
 
Yh=(1/R)+1i*wh*C; 
Mh=1+Yh.*(RE+1i*wh*LE); 
UCh=Uh./Mh; 
UChmax=abs(UCh); 
PHIUChrad=angle(UCh); 
Ih=Yh.*UCh; 
Ihmax=abs(Ih); 
PHIIhrad=angle(Ih); 
 
if D>0 
    K21=(1/((K2p-K1p)*exp(LAMB1*t2)))*(sum(Ihmax.*cos((wh*t2)+PHIIhrad))... 
        +K2p*(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))); 
    K22=(1/((K1p-K2p)*exp(LAMB2*t2)))*(sum(Ihmax.*cos((wh*t2)+PHIIhrad))... 
        +K1p*(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))); 
    K1=exp(t1/TAU)*(-K21*exp(LAMB1*(t1+(T/2)))-K22*exp(LAMB2*(t1+(T/2)))... 
        +sum(UChmax.*cos((wh*t1)+PHIUChrad))); 
elseif D<0 
    K2r=(exp(-MU*t2)/Kpi)*((Kpr*sin(EPS*t2)+Kpi*cos(EPS*t2))... 
        *(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))... 
        +sin(EPS*t2)*sum(Ihmax.*cos((wh*t2)+PHIIhrad))); 
    K2i=(exp(-MU*t2)/Kpi)*((Kpr*cos(EPS*t2)-Kpi*sin(EPS*t2))... 
        *(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))... 
        +cos(EPS*t2)*sum(Ihmax.*cos((wh*t2)+PHIIhrad))); 
    K2=K2r+1i*K2i; 
    K21=abs(K2); 
    K22=angle(K2); 
    K1=exp(t1/TAU)*(-K21*exp(MU*(t1+(T/2)))*cos((EPS*(t1+(T/2)))+K22)... 
        +sum(UChmax.*cos((wh*t1)+PHIUChrad))); 
end 
 
f=K1*exp(-t2/TAU)+sum(Uhmax.*cos((wh*t2)+PHIUhrad)); 
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B7. fam2.m 
function f=fam2(Uhef,PHIUhgr,t1,t2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,wh) 
 
Uhmax=sqrt(2)*Uhef; 
PHIUhrad=PHIUhgr*(pi/180); 
Uh=Uhmax.*exp(1i*PHIUhrad); 
 
Yh=(1/R)+1i*wh*C; 
Mh=1+Yh.*(RE+1i*wh*LE); 
UCh=Uh./Mh; 
UChmax=abs(UCh); 
PHIUChrad=angle(UCh); 
Ih=Yh.*UCh; 
Ihmax=abs(Ih); 
PHIIhrad=angle(Ih); 
 
if D>0 
    K21=(1/((K2p-K1p)*exp(LAMB1*t2)))*(sum(Ihmax.*cos((wh*t2)+PHIIhrad))... 
        +K2p*(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))); 
    K22=(1/((K1p-K2p)*exp(LAMB2*t2)))*(sum(Ihmax.*cos((wh*t2)+PHIIhrad))... 
        +K1p*(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))); 
 
    
f=K1p*K21*exp(LAMB1*(T/2))*exp(LAMB1*t1)+K2p*K22*exp(LAMB2*(T/2))*exp(LAMB2*t1)..
. 
        -sum(Ihmax.*cos((wh*t1)+PHIIhrad)); 
elseif D<0 
    K2r=(exp(-MU*t2)/Kpi)*((Kpr*sin(EPS*t2)+Kpi*cos(EPS*t2))... 
        *(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))... 
        +sin(EPS*t2)*sum(Ihmax.*cos((wh*t2)+PHIIhrad))); 
    K2i=(exp(-MU*t2)/Kpi)*((Kpr*cos(EPS*t2)-Kpi*sin(EPS*t2))... 
        *(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))... 
        +cos(EPS*t2)*sum(Ihmax.*cos((wh*t2)+PHIIhrad))); 
    K2=K2r+1i*K2i; 
    K21=abs(K2); 
    K22=angle(K2); 
 
    f=K21*exp(MU*(T/2))*exp(MU*t1)... 
        *(Kpr*cos((EPS*(t1+(T/2)))+K22)-Kpi*sin((EPS*(t1+(T/2)))+K22))... 
        -sum(Ihmax.*cos((wh*t1)+PHIIhrad)); 
end 
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B8. Ifam.m 
function [Inef,PHIInrad] = Ifam(Uhef,PHIUhgr,t1,t2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,w,wh,h_max,n_max) 
 
Uhmax=sqrt(2)*Uhef; 
PHIUhrad=PHIUhgr*(pi/180); 
Uh=Uhmax.*exp(1i*PHIUhrad); 
 
Yh=(1/R)+1i*wh*C; 
Mh=1+Yh.*(RE+1i*wh*LE); 
UCh=Uh./Mh; 
UChmax=abs(UCh); 
PHIUChrad=angle(UCh); 
Ih=Yh.*UCh; 
Ihmax=abs(Ih); 
PHIIhrad=angle(Ih); 
 
if D>0 
    K21=(1/((K2p-K1p)*exp(LAMB1*t2)))*(sum(Ihmax.*cos((wh*t2)+PHIIhrad))... 
        +K2p*(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))); 
    K22=(1/((K1p-K2p)*exp(LAMB2*t2)))*(sum(Ihmax.*cos((wh*t2)+PHIIhrad))... 
        +K1p*(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))); 
 
    In=Ffam_ap(K1p,K2p,K21,K22,t1,t2,T,LAMB1,LAMB2,w,... 
        Ihmax,PHIIhrad,h_max,n_max); 
elseif D<0 
    K2r=(exp(-MU*t2)/Kpi)*((Kpr*sin(EPS*t2)+Kpi*cos(EPS*t2))... 
        *(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))... 
        +sin(EPS*t2)*sum(Ihmax.*cos((wh*t2)+PHIIhrad))); 
    K2i=(exp(-MU*t2)/Kpi)*((Kpr*cos(EPS*t2)-Kpi*sin(EPS*t2))... 
        *(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))... 
        +cos(EPS*t2)*sum(Ihmax.*cos((wh*t2)+PHIIhrad))); 
    K2=K2r+1i*K2i; 
    K21=abs(K2); 
    K22=angle(K2); 
 
    In=Ffam_os(Kpr,Kpi,K21,K22,t1,t2,T,MU,EPS,w,... 
        Ihmax,PHIIhrad,h_max,n_max); 
end 
 
Inmax_se_obt=abs(In); 
PHIInrad_se_obt=angle(In); 
 
Inef_se_obt=(1/sqrt(2))*Inmax_se_obt; 
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Inef = Inef_se_obt; 
PHIInrad = PHIInrad_se_obt; 
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B9. Ffam_ap.m 
function In=Ffam_ap(K1p,K2p,K21,K22,t1,t2,T,LAMB1,LAMB2,w,... 
   Ihmax,PHIIhrad,h_max,n_max) 
 
a=Ffam_A_ap(K1p,K2p,K21,K22,t1,t2,T,LAMB1,LAMB2,w,... 
   Ihmax,PHIIhrad,h_max,n_max); 
b=Ffam_B_ap(K1p,K2p,K21,K22,t1,t2,T,LAMB1,LAMB2,w,... 
   Ihmax,PHIIhrad,h_max,n_max); 
 
In=a-1i*b; 
 
 
function a_ap=Ffam_A_ap(K1p,K2p,K21,K22,t1,t2,T,LAMB1,LAMB2,w,... 
   Ihmax,PHIIhrad,h_max,n_max) 
 
for n=1:2:n_max 
   a_ap((n+1)/2)=(4/T)*(AH_ap(n,K1p,K2p,K21,K22,t1+(T/2),LAMB1,LAMB2,w)... 
      +sum_APs(n,t1+(T/2),w,Ihmax,PHIIhrad,h_max)... 
      -AH_ap(n,K1p,K2p,K21,K22,t2,LAMB1,LAMB2,w)... 
      -sum_APs(n,t2,w,Ihmax,PHIIhrad,h_max)); 
end 
 
 
function ah_ap=AH_ap(n,K1p,K2p,K21,K22,time,LAMB1,LAMB2,w) 
 
ah_ap=((K1p*K21*exp(LAMB1*time)*(LAMB1*cos(n*w*time)... 
   +n*w*sin(n*w*time)))/(LAMB1^2+(n*w)^2))... 
   +((K2p*K22*exp(LAMB2*time)*(LAMB2*cos(n*w*time)... 
   +n*w*sin(n*w*time)))/(LAMB2^2+(n*w)^2)); 
 
 
function s=sum_APs(n,time,w,Ihmax,PHIIhrad,h_max) 
 
s=0; 
 
for h=1:2:h_max 
   s=s+AP(h,n,time,w,Ihmax,PHIIhrad); 
end 
 
 
function ap=AP(h,n,time,w,Ihmax,PHIIhrad) 
 
if h~=n 
   ap=Ihmax((h+1)/2)*((sin(((h-n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h-n)))... 
      +(sin(((h+n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h+n)))); 
elseif h==n 
   ap=Ihmax((n+1)/2)*(((time*cos(PHIIhrad((n+1)/2)))/2)... 
      +(sin((2*n*w*time)+PHIIhrad((n+1)/2))/(4*n*w))); 
end 
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function b_ap=Ffam_B_ap(K1p,K2p,K21,K22,t1,t2,T,LAMB1,LAMB2,w,... 
   Ihmax,PHIIhrad,h_max,n_max) 
 
for n=1:2:n_max 
   b_ap((n+1)/2)=(4/T)*(BH_ap(n,K1p,K2p,K21,K22,t1+(T/2),LAMB1,LAMB2,w)... 
      +sum_BPs(n,t1+(T/2),w,Ihmax,PHIIhrad,h_max)... 
      -BH_ap(n,K1p,K2p,K21,K22,t2,LAMB1,LAMB2,w)... 
      -sum_BPs(n,t2,w,Ihmax,PHIIhrad,h_max)); 
end 
 
 
function bh_ap=BH_ap(n,K1p,K2p,K21,K22,time,LAMB1,LAMB2,w) 
 
bh_ap=((K1p*K21*exp(LAMB1*time)*(LAMB1*sin(n*w*time)... 
   -n*w*cos(n*w*time)))/(LAMB1^2+(n*w)^2))... 
   +((K2p*K22*exp(LAMB2*time)*(LAMB2*sin(n*w*time)... 
   -n*w*cos(n*w*time)))/(LAMB2^2+(n*w)^2)); 
 
 
function s=sum_BPs(n,time,w,Ihmax,PHIIhrad,h_max) 
 
s=0; 
 
for h=1:2:h_max 
   s=s+BP(h,n,time,w,Ihmax,PHIIhrad); 
end 
 
 
function bp=BP(h,n,time,w,Ihmax,PHIIhrad) 
 
if h~=n 
   bp=Ihmax((h+1)/2)*((-cos(((h+n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h+n)))... 
      +(cos(((h-n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h-n)))); 
elseif h==n 
   bp=Ihmax((n+1)/2)*((-cos((2*n*w*time)+PHIIhrad((n+1)/2))/(4*n*w))... 
      -((time*sin(PHIIhrad((n+1)/2)))/2)); 
end 
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B10. Ffam_os.m 
function In=Ffam_os(Kpr,Kpi,K21,K22,t1,t2,T,MU,EPS,w,... 
    Ihmax,PHIIhrad,h_max,n_max) 
 
a=Ffam_A_os(Kpr,Kpi,K21,K22,t1,t2,T,MU,EPS,w,... 
   Ihmax,PHIIhrad,h_max,n_max); 
b=Ffam_B_os(Kpr,Kpi,K21,K22,t1,t2,T,MU,EPS,w,... 
   Ihmax,PHIIhrad,h_max,n_max); 
 
In=a-1i*b; 
 
 
function a_os=Ffam_A_os(Kpr,Kpi,K21,K22,t1,t2,T,MU,EPS,w,... 
   Ihmax,PHIIhrad,h_max,n_max) 
 
for n=1:2:n_max 
   a_os((n+1)/2)=(4/T)*(AH_os(n,Kpr,Kpi,K21,K22,t1+(T/2),MU,EPS,w)... 
      +sum_APs(n,t1+(T/2),w,Ihmax,PHIIhrad,h_max)... 
      -AH_os(n,Kpr,Kpi,K21,K22,t2,MU,EPS,w)... 
      -sum_APs(n,t2,w,Ihmax,PHIIhrad,h_max)); 
end 
 
 
function ah_os=AH_os(n,Kpr,Kpi,K21,K22,time,MU,EPS,w) 
 
ah_os=((K21*exp(MU*time))/2)... 
   *((Kpr/(MU^2+(EPS-n*w)^2))*(MU*cos(((EPS-n*w)*time)+K22)... 
   +(EPS-n*w)*sin(((EPS-n*w)*time)+K22))... 
   +(Kpr/(MU^2+(EPS+n*w)^2))*(MU*cos(((EPS+n*w)*time)+K22)... 
   +(EPS+n*w)*sin(((EPS+n*w)*time)+K22))... 
   -(Kpi/(MU^2+(EPS+n*w)^2))*(MU*sin(((EPS+n*w)*time)+K22)... 
   -(EPS+n*w)*cos(((EPS+n*w)*time)+K22))... 
   -(Kpi/(MU^2+(EPS-n*w)^2))*(MU*sin(((EPS-n*w)*time)+K22)... 
   -(EPS-n*w)*cos(((EPS-n*w)*time)+K22))); 
 
 
function s=sum_APs(n,time,w,Ihmax,PHIIhrad,h_max) 
 
s=0; 
 
for h=1:2:h_max 
   s=s+AP(h,n,time,w,Ihmax,PHIIhrad); 
end 
 
 
function ap=AP(h,n,time,w,Ihmax,PHIIhrad) 
 
if h~=n 
   ap=Ihmax((h+1)/2)*((sin(((h-n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h-n)))... 
      +(sin(((h+n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h+n)))); 
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elseif h==n 
   ap=Ihmax((n+1)/2)*(((time*cos(PHIIhrad((n+1)/2)))/2)... 
      +(sin((2*n*w*time)+PHIIhrad((n+1)/2))/(4*n*w))); 
end 
 
 
function b_os=Ffam_B_os(Kpr,Kpi,K21,K22,t1,t2,T,MU,EPS,w,... 
   Ihmax,PHIIhrad,h_max,n_max) 
 
for n=1:2:n_max 
   b_os((n+1)/2)=(4/T)*(BH_os(n,Kpr,Kpi,K21,K22,t1+(T/2),MU,EPS,w)... 
      +sum_BPs(n,t1+(T/2),w,Ihmax,PHIIhrad,h_max)... 
      -BH_os(n,Kpr,Kpi,K21,K22,t2,MU,EPS,w)... 
      -sum_BPs(n,t2,w,Ihmax,PHIIhrad,h_max)); 
end 
 
 
function bh_os=BH_os(n,Kpr,Kpi,K21,K22,time,MU,EPS,w) 
 
bh_os=((K21*exp(MU*time))/2)... 
   *((Kpr/(MU^2+(EPS+n*w)^2))*(MU*sin(((EPS+n*w)*time)+K22)... 
   -(EPS+n*w)*cos(((EPS+n*w)*time)+K22))... 
   -(Kpr/(MU^2+(EPS-n*w)^2))*(MU*sin(((EPS-n*w)*time)+K22)... 
   -(EPS-n*w)*cos(((EPS-n*w)*time)+K22))... 
   -(Kpi/(MU^2+(EPS-n*w)^2))*(MU*cos(((EPS-n*w)*time)+K22)... 
   +(EPS-n*w)*sin(((EPS-n*w)*time)+K22))... 
   +(Kpi/(MU^2+(EPS+n*w)^2))*(MU*cos(((EPS+n*w)*time)+K22)... 
   +(EPS+n*w)*sin(((EPS+n*w)*time)+K22))); 
 
 
function s=sum_BPs(n,time,w,Ihmax,PHIIhrad,h_max) 
 
s=0; 
 
for h=1:2:h_max 
   s=s+BP(h,n,time,w,Ihmax,PHIIhrad); 
end 
 
 
function bp=BP(h,n,time,w,Ihmax,PHIIhrad) 
 
if h~=n 
   bp=Ihmax((h+1)/2)*((-cos(((h+n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h+n)))... 
      +(cos(((h-n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h-n)))); 
elseif h==n 
   bp=Ihmax((n+1)/2)*((-cos((2*n*w*time)+PHIIhrad((n+1)/2))/(4*n*w))... 
      -((time*sin(PHIIhrad((n+1)/2)))/2)); 
end 
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C. Código programa del flujo armónico de cargas en 
MATPOWER 
   
34   
C1. Diagrama de flujo 
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C2. Bus_HP_FLFm_VN_M.m 
function bus_HP_FLFm_VN_M 
 
clear all 
close all 
clc 
 
format long 
 
% ******************************************************** 
% DATOS DE LA RED 
% ******************************************************** 
 
mpc = loadcase('case1_HP'); 
 
Ybus = makeYbus(mpc); 
 
V1ef=mpc.bus(1,8); 
delta1=mpc.bus(1,9); 
P2=-mpc.bus(2,3); 
Q2=-mpc.bus(2,4); 
 
% Incognitas 
%*************** 
% V2ef   =  x(1) 
% delta2 =  x(2) 
% V3ef   =  x(3) 
% delta3 =  x(4) 
% t1     =  x(5) 
% t2     =  x(6) 
 
 
% ******************************************************** 
% DATOS DE LA CARGA NO LINEAL 
% ******************************************************** 
 
ncompsU=10; 
ncompsI=10; 
h_max=2*ncompsU-1; 
n_max=2*ncompsI-1; 
 
f=50; 
T=1/f; 
w=2*pi*f; 
h=1:2:h_max; 
wh=h*w; 
 
PHIUhgr=0; 
PHIUhrad=PHIUhgr*(pi/180); 
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RL=0.0207; 
LL=4.132e-5; 
RC=0; 
LC=0; 
C=2.749e-3; 
R=11.0021; 
 
RE=RL+RC; 
LE=LL+LC; 
D=((LE^2)-(2*LE*RE*R*C)+(RE^2*R^2*C^2)-(4*LE*R^2*C))/(LE^2*R^2*C^2) 
MU=-(1/2)*((LE+(RE*R*C))/(LE*R*C)); 
EPS=sqrt(abs(D))/2; 
LAMB1=MU+EPS; 
LAMB2=MU-EPS; 
TAU=R*C; 
 
K1p=(1/R)+LAMB1*C; 
K2p=(1/R)+LAMB2*C; 
Kpr=(1/R)+MU*C; 
Kpi=EPS*C; 
 
% Constantes del rectificador: 
% C R RE LE D MU EPS LAMB1 LAMB2 TAU K1p K2p Kpr Kpi 
 
 
% ******************************************************** 
% RUTINA PRINCIPAL 
% ******************************************************** 
 
% Valor inicial de tiempos de conmutacion de la carga NL (t10, t20) 
tp=fzero(@(tp)efam(tp,TAU,w),[T/4,T/2]); 
    ti1 = (PHIUhrad/w)-(T/200);    % vector de los t1 para cada frecuencia 
    ti2 = tp-(PHIUhrad/w);         % vector de los t2 para cada frecuencia 
 
fprintf('Valores iniciales de t:\n t10 = %d\n t20 = %d\n\n',ti1,ti2) 
 
% Valores iniciales de las incognitas de bus y tiempos de conmutacion 
delta20   = 0;       % delta20 radianes 
V2ef0     = 1;       % V2ef pu 
delta30   = 0;       % delta30 radianes 
V3ef0     = 1;       % V3ef pu 
t10       = ti1;     % valor inicial de t1 
t20       = ti2;     % valor inicial de t2 
 
% valor inicial para la primera iteracion 
x0 = [delta20 V2ef0 delta30 V3ef0 t10 t20] 
 
x = fsolve(@(x)equationsystemHP(x,Ybus,V1ef,delta1,P2,Q2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,w,wh,h_max,n_max),x0); 
 
% Solucion del sistema de ecuaciones: 
delta2 =  x(1) 
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delta2gr = delta2 * (180/pi) 
V2ef   =  x(2) 
delta3 =  x(3) 
delta3gr = delta3 * (180/pi) 
V3ef   =  x(4) 
t1     =  x(5) 
t2     =  x(6) 
 
 
%************************************************************** 
% VN 
%************************************************************** 
 
bus_HP_VN_1_19_M(t1,t2,V3ef,delta3,V2ef,delta2,... 
    V1ef,delta1,P2,Q2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,w,wh,h_max,n_max) 
   
38   
C3. efam.m 
function f=efam(tp,TAU,w) 
 
f=exp(-tp/TAU)+cos(w*tp); 
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C4. equationsystemHP.m 
function f=equationsystemHP(x,Ybus,V1ef,delta1,P2,Q2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,w,wh,h_max,n_max) 
 
delta2 =  x(1); 
V2ef   =  x(2); 
delta3 =  x(3); 
V3ef   =  x(4); 
t1     =  x(5); 
t2     =  x(6); 
 
Uhef=[V3ef zeros(1,length(wh)-1)]; 
PHIUhgr=[delta3*(180/pi) zeros(1,length(wh)-1)]; 
 
 
% Llamada a Ifam para obtener el valor de la iteracion actual de I3 fundam. 
 
[Inef,PHIInrad] = Ifam(Uhef,PHIUhgr,t1,t2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,w,wh,h_max,n_max); 
 
I3ef    = Inef(1);      % modulo de la I3 fundam. absorbida por el rect. 
deltaI3 = PHIInrad(1);  % argumento de la I3 fundam. absorbida por el rect. en 
rad 
 
 
V1=V1ef*exp(1i*delta1); 
V2=V2ef*exp(1i*delta2); 
V3=V3ef*exp(1i*delta3); 
Vb=[V1; V2; V3];    %Vector de las 3 tensiones de bus 
Ib=Ybus*Vb;         %Vector de las 3 intensidades inyectadas de bus 
 
 
% Vector de errores 
 
f(1)=P2-real(V2*conj(Ib(2))); 
 
f(2)=Q2-imag(V2*conj(Ib(2))); 
 
f(3)=real(V3ef*exp(1i*delta3)*conj(-I3ef*exp(1i*deltaI3)))... 
    -real(V3*conj(Ib(3))); 
 
f(4)=imag(V3ef*exp(1i*delta3)*conj(-I3ef*exp(1i*deltaI3)))... 
    -imag(V3*conj(Ib(3))); 
 
f(5)=fam1(Uhef,PHIUhgr,t1,t2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,wh); 
 
f(6)=fam2(Uhef,PHIUhgr,t1,t2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,wh); 
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C5. bus_HP_1_19_M.m 
function bus_HP_VN_1_19_M(t1,t2,V3ef,delta3,V2ef,delta2,... 
    V1ef,delta1,P2,Q2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,w,wh,h_max,n_max) 
 
%************************************************************** 
% VN 
%************************************************************** 
 
    % ******************************************************** 
    % DATOS DE LA RED 
    % ******************************************************** 
 
% Consideramos los harmónicos impares de ordenes 3 a 19 
hh=3:2:19; 
 
% Admitancias del bus Slack para cada harmonico hh 
X11 = 4.6168e-3; 
R1 = X11/20; 
Yh1 = 1./(R1+1i*hh*X11); 
 
% Admitancias del bus PQ para cada harmonico hh 
Y12 = -conj(P2+1i*Q2)/(V2ef)^2; 
Z12 = 1/Y12; 
Yh2 = 1./(real(Z12)+1i*hh*imag(Z12)); 
 
mpc = loadcase('case1_HP'); 
 
[mpc3,mpc5,mpc7,mpc9,mpc11,mpc13,mpc15,mpc17,mpc19] = deal(mpc); 
 
mpc3.bus(1,5) = real(Yh1(1)); 
mpc3.bus(1,6) = imag(Yh1(1)); 
mpc3.bus(2,5) = real(Yh2(1)); 
mpc3.bus(2,6) = imag(Yh2(1)) + hh(1) * mpc.bus(2,6); 
mpc3.branch(1,4) = hh(1) * mpc.branch(1,4); 
mpc3.branch(1,5) = hh(1) * mpc.branch(1,5); 
mpc3.branch(2,4) = hh(1) * mpc.branch(2,4); 
mpc3.branch(2,5) = hh(1) * mpc.branch(2,5); 
mpc3.branch(3,4) = hh(1) * mpc.branch(3,4); 
mpc3.branch(3,5) = hh(1) * mpc.branch(3,5); 
 
Yhbus{1} = makeYbus(mpc3); 
 
mpc5.bus(1,5) = real(Yh1(2)); 
mpc5.bus(1,6) = imag(Yh1(2)); 
mpc5.bus(2,5) = real(Yh2(2)); 
mpc5.bus(2,6) = imag(Yh2(2)) + hh(2) * mpc.bus(2,6); 
mpc5.branch(1,4) = hh(2) * mpc.branch(1,4); 
mpc5.branch(1,5) = hh(2) * mpc.branch(1,5); 
mpc5.branch(2,4) = hh(2) * mpc.branch(2,4); 
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mpc5.branch(2,5) = hh(2) * mpc.branch(2,5); 
mpc5.branch(3,4) = hh(2) * mpc.branch(3,4); 
mpc5.branch(3,5) = hh(2) * mpc.branch(3,5); 
 
Yhbus{2} = makeYbus(mpc5); 
 
mpc7.bus(1,5) = real(Yh1(3)); 
mpc7.bus(1,6) = imag(Yh1(3)); 
mpc7.bus(2,5) = real(Yh2(3)); 
mpc7.bus(2,6) = imag(Yh2(3)) + hh(3) * mpc.bus(2,6); 
mpc7.branch(1,4) = hh(3) * mpc.branch(1,4); 
mpc7.branch(1,5) = hh(3) * mpc.branch(1,5); 
mpc7.branch(2,4) = hh(3) * mpc.branch(2,4); 
mpc7.branch(2,5) = hh(3) * mpc.branch(2,5); 
mpc7.branch(3,4) = hh(3) * mpc.branch(3,4); 
mpc7.branch(3,5) = hh(3) * mpc.branch(3,5); 
 
Yhbus{3} = makeYbus(mpc7); 
 
mpc9.bus(1,5) = real(Yh1(4)); 
mpc9.bus(1,6) = imag(Yh1(4)); 
mpc9.bus(2,5) = real(Yh2(4)); 
mpc9.bus(2,6) = imag(Yh2(4)) + hh(4) * mpc.bus(2,6); 
mpc9.branch(1,4) = hh(4) * mpc.branch(1,4); 
mpc9.branch(1,5) = hh(4) * mpc.branch(1,5); 
mpc9.branch(2,4) = hh(4) * mpc.branch(2,4); 
mpc9.branch(2,5) = hh(4) * mpc.branch(2,5); 
mpc9.branch(3,4) = hh(4) * mpc.branch(3,4); 
mpc9.branch(3,5) = hh(4) * mpc.branch(3,5); 
 
Yhbus{4} = makeYbus(mpc9); 
 
mpc11.bus(1,5) = real(Yh1(5)); 
mpc11.bus(1,6) = imag(Yh1(5)); 
mpc11.bus(2,5) = real(Yh2(5)); 
mpc11.bus(2,6) = imag(Yh2(5)) + hh(5) * mpc.bus(2,6); 
mpc11.branch(1,4) = hh(5) * mpc.branch(1,4); 
mpc11.branch(1,5) = hh(5) * mpc.branch(1,5); 
mpc11.branch(2,4) = hh(5) * mpc.branch(2,4); 
mpc11.branch(2,5) = hh(5) * mpc.branch(2,5); 
mpc11.branch(3,4) = hh(5) * mpc.branch(3,4); 
mpc11.branch(3,5) = hh(5) * mpc.branch(3,5); 
 
Yhbus{5} = makeYbus(mpc11); 
 
mpc13.bus(1,5) = real(Yh1(6)); 
mpc13.bus(1,6) = imag(Yh1(6)); 
mpc13.bus(2,5) = real(Yh2(6)); 
mpc13.bus(2,6) = imag(Yh2(6)) + hh(6) * mpc.bus(2,6); 
mpc13.branch(1,4) = hh(6) * mpc.branch(1,4); 
mpc13.branch(1,5) = hh(6) * mpc.branch(1,5); 
mpc13.branch(2,4) = hh(6) * mpc.branch(2,4); 
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mpc13.branch(2,5) = hh(6) * mpc.branch(2,5); 
mpc13.branch(3,4) = hh(6) * mpc.branch(3,4); 
mpc13.branch(3,5) = hh(6) * mpc.branch(3,5); 
 
Yhbus{6} = makeYbus(mpc13); 
 
mpc15.bus(1,5) = real(Yh1(7)); 
mpc15.bus(1,6) = imag(Yh1(7)); 
mpc15.bus(2,5) = real(Yh2(7)); 
mpc15.bus(2,6) = imag(Yh2(7)) + hh(7) * mpc.bus(2,6); 
mpc15.branch(1,4) = hh(7) * mpc.branch(1,4); 
mpc15.branch(1,5) = hh(7) * mpc.branch(1,5); 
mpc15.branch(2,4) = hh(7) * mpc.branch(2,4); 
mpc15.branch(2,5) = hh(7) * mpc.branch(2,5); 
mpc15.branch(3,4) = hh(7) * mpc.branch(3,4); 
mpc15.branch(3,5) = hh(7) * mpc.branch(3,5); 
 
Yhbus{7} = makeYbus(mpc15); 
 
mpc17.bus(1,5) = real(Yh1(8)); 
mpc17.bus(1,6) = imag(Yh1(8)); 
mpc17.bus(2,5) = real(Yh2(8)); 
mpc17.bus(2,6) = imag(Yh2(8)) + hh(8) * mpc.bus(2,6); 
mpc17.branch(1,4) = hh(8) * mpc.branch(1,4); 
mpc17.branch(1,5) = hh(8) * mpc.branch(1,5); 
mpc17.branch(2,4) = hh(8) * mpc.branch(2,4); 
mpc17.branch(2,5) = hh(8) * mpc.branch(2,5); 
mpc17.branch(3,4) = hh(8) * mpc.branch(3,4); 
mpc17.branch(3,5) = hh(8) * mpc.branch(3,5); 
 
Yhbus{8} = makeYbus(mpc17); 
 
mpc19.bus(1,5) = real(Yh1(9)); 
mpc19.bus(1,6) = imag(Yh1(9)); 
mpc19.bus(2,5) = real(Yh2(9)); 
mpc19.bus(2,6) = imag(Yh2(9)) + hh(9) * mpc.bus(2,6); 
mpc19.branch(1,4) = hh(9) * mpc.branch(1,4); 
mpc19.branch(1,5) = hh(9) * mpc.branch(1,5); 
mpc19.branch(2,4) = hh(9) * mpc.branch(2,4); 
mpc19.branch(2,5) = hh(9) * mpc.branch(2,5); 
mpc19.branch(3,4) = hh(9) * mpc.branch(3,4); 
mpc19.branch(3,5) = hh(9) * mpc.branch(3,5); 
 
Yhbus{9} = makeYbus(mpc19); 
 
    %*********************** 
    % Carga No lineal 
    %*********************** 
 
Uhef=[V3ef zeros(1,length(wh)-1)]; 
PHIUhgr=[delta3*(180/pi) zeros(1,length(wh)-1)]; 
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% Llamada a Ifam para obtener el valor de I3 fundam. y armonicos 
 
[Inef,PHIInrad] = Ifam(Uhef,PHIUhgr,t1,t2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,... 
    T,w,wh,h_max,n_max);         % I3h absorbidas por rect. 
 
In = -Inef.*exp(1i*PHIInrad);    % I3h inyectadas por rect. 
 
    % ********************************************* 
    % Producto matricial Vhb = Yhbus^-1 * Ihb 
    % ********************************************* 
 
Ihb = [0 0 0 0 0 0 0 0 0; 
    0 0 0 0 0 0 0 0 0; 
    In(2) In(3) In(4) In(5) In(6) In(7) In(8) In(9) In(10)]; 
 
Y3bus = Yhbus{1}; 
I3b = [Ihb(1,1); Ihb(2,1); Ihb(3,1)]; 
V3b = Y3bus^-1 * I3b;                % Voltajes de nudos del bus para h=3 
 
Y5bus = Yhbus{2}; 
I5b = [Ihb(1,2); Ihb(2,2); Ihb(3,2)]; 
V5b = Y5bus^-1 * I5b;                % Voltajes de nudos del bus para h=5 
 
Y7bus = Yhbus{3}; 
I7b = [Ihb(1,3); Ihb(2,3); Ihb(3,3)]; 
V7b = Y7bus^-1 * I7b;                % Voltajes de nudos del bus para h=7 
 
Y9bus = Yhbus{4}; 
I9b = [Ihb(1,4); Ihb(2,4); Ihb(3,4)]; 
V9b = Y9bus^-1 * I9b;                % Voltajes de nudos del bus para h=9 
 
Y11bus = Yhbus{5}; 
I11b = [Ihb(1,5); Ihb(2,5); Ihb(3,5)]; 
V11b = Y11bus^-1 * I11b;             % Voltajes de nudos del bus para h=11 
 
Y13bus = Yhbus{6}; 
I13b = [Ihb(1,6); Ihb(2,6); Ihb(3,6)]; 
V13b = Y13bus^-1 * I13b;             % Voltajes de nudos del bus para h=13 
 
Y15bus = Yhbus{7}; 
I15b = [Ihb(1,7); Ihb(2,7); Ihb(3,7)]; 
V15b = Y15bus^-1 * I15b;             % Voltajes de nudos del bus para h=15 
 
Y17bus = Yhbus{8}; 
I17b = [Ihb(1,8); Ihb(2,8); Ihb(3,8)]; 
V17b = Y17bus^-1 * I17b;             % Voltajes de nudos del bus para h=17 
 
Y19bus = Yhbus{9}; 
I19b = [Ihb(1,9); Ihb(2,9); Ihb(3,9)]; 
V19b = Y19bus^-1 * I19b;             % Voltajes de nudos del bus para h=19 
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    % ********************************************* 
    % Impresion de resultados 
    % ********************************************* 
 
fprintf(' V1h1 =   %d <%dº\n',V1ef,delta1*180/pi) 
fprintf(' V1h3 =   %d <%dº\n',abs(V3b(1)),angle(V3b(1))*180/pi) 
fprintf(' V1h5 =   %d <%dº\n',abs(V5b(1)),angle(V5b(1))*180/pi) 
fprintf(' V1h7 =   %d <%dº\n',abs(V7b(1)),angle(V7b(1))*180/pi) 
fprintf(' V1h9 =   %d <%dº\n',abs(V9b(1)),angle(V9b(1))*180/pi) 
fprintf(' V1h11 =  %d <%dº\n',abs(V11b(1)),angle(V11b(1))*180/pi) 
fprintf(' V1h13 =  %d <%dº\n',abs(V13b(1)),angle(V13b(1))*180/pi) 
fprintf(' V1h15 =  %d <%dº\n',abs(V15b(1)),angle(V15b(1))*180/pi) 
fprintf(' V1h17 =  %d <%dº\n',abs(V17b(1)),angle(V17b(1))*180/pi) 
fprintf(' V1h19 =  %d <%dº\n\n',abs(V19b(1)),angle(V19b(1))*180/pi) 
% 
fprintf(' V2h1 =   %d <%dº\n',V2ef,delta2*180/pi) 
fprintf(' V2h3 =   %d <%dº\n',abs(V3b(2)),angle(V3b(2))*180/pi) 
fprintf(' V2h5 =   %d <%dº\n',abs(V5b(2)),angle(V5b(2))*180/pi) 
fprintf(' V2h7 =   %d <%dº\n',abs(V7b(2)),angle(V7b(2))*180/pi) 
fprintf(' V2h9 =   %d <%dº\n',abs(V9b(2)),angle(V9b(2))*180/pi) 
fprintf(' V2h11 =  %d <%dº\n',abs(V11b(2)),angle(V11b(2))*180/pi) 
fprintf(' V2h13 =  %d <%dº\n',abs(V13b(2)),angle(V13b(2))*180/pi) 
fprintf(' V2h15 =  %d <%dº\n',abs(V15b(2)),angle(V15b(2))*180/pi) 
fprintf(' V2h17 =  %d <%dº\n',abs(V17b(2)),angle(V17b(2))*180/pi) 
fprintf(' V2h19 =  %d <%dº\n\n',abs(V19b(2)),angle(V19b(2))*180/pi) 
% 
fprintf(' V3h1 =   %d <%dº\n',V3ef,delta3*180/pi) 
fprintf(' V3h3 =   %d <%dº\n',abs(V3b(3)),angle(V3b(3))*180/pi) 
fprintf(' V3h5 =   %d <%dº\n',abs(V5b(3)),angle(V5b(3))*180/pi) 
fprintf(' V3h7 =   %d <%dº\n',abs(V7b(3)),angle(V7b(3))*180/pi) 
fprintf(' V3h9 =   %d <%dº\n',abs(V9b(3)),angle(V9b(3))*180/pi) 
fprintf(' V3h11 =  %d <%dº\n',abs(V11b(3)),angle(V11b(3))*180/pi) 
fprintf(' V3h13 =  %d <%dº\n',abs(V13b(3)),angle(V13b(3))*180/pi) 
fprintf(' V3h15 =  %d <%dº\n',abs(V15b(3)),angle(V15b(3))*180/pi) 
fprintf(' V3h17 =  %d <%dº\n',abs(V17b(3)),angle(V17b(3))*180/pi) 
fprintf(' V3h19 =  %d <%dº\n\n',abs(V19b(3)),angle(V19b(3))*180/pi) 
% 
fprintf(' I3h1 =   %d <%dº\n',abs(In(1)),angle(In(1))*180/pi) 
fprintf(' I3h3 =   %d <%dº\n',abs(I3b(3)),angle(I3b(3))*180/pi) 
fprintf(' I3h5 =   %d <%dº\n',abs(I5b(3)),angle(I5b(3))*180/pi) 
fprintf(' I3h7 =   %d <%dº\n',abs(I7b(3)),angle(I7b(3))*180/pi) 
fprintf(' I3h9 =   %d <%dº\n',abs(I9b(3)),angle(I9b(3))*180/pi) 
fprintf(' I3h11 =  %d <%dº\n',abs(I11b(3)),angle(I11b(3))*180/pi) 
fprintf(' I3h13 =  %d <%dº\n',abs(I13b(3)),angle(I13b(3))*180/pi) 
fprintf(' I3h15 =  %d <%dº\n',abs(I15b(3)),angle(I15b(3))*180/pi) 
fprintf(' I3h17 =  %d <%dº\n',abs(I17b(3)),angle(I17b(3))*180/pi) 
fprintf(' I3h19 =  %d <%dº\n\n',abs(I19b(3)),angle(I19b(3))*180/pi) 
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C6. case1_HP.m 
function mpc = case1_HP 
%CASE1_HP    HLF data for 3 bus, 1 generator case (Harmonic Penetration). 
%   Please see CASEFORMAT for details on the case file format. 
% 
% 
%   MATPOWER 
mpc.version = '2'; 
 
%%-----  Power Flow Data  -----%% 
mpc.baseMVA = 1; 
% bus_i type Pd Qd Gs Bs area Vm Va
 baseKV zone Vmax Vmin 
mpc.bus = [ 
 1 3 0  0    0 0   1   1   0   1   1   
1.1 0.9; 
 2 1 0.8  0.6   0 0.6   1   1   0   1   1   1.1
 0.9; 
 3 1 0  0    0 0   1   1   0   1   1   
1.1 0.9; 
]; 
% bus Pg Qg Qmax Qmin Vg mBase status Pmax
 Pmin Pc1 Pc2 Qc1min Qc1max Qc2min Qc2max ramp_agc
 ramp_10 ramp_30 ramp_q apf 
mpc.gen = [ 
 1 0  0  9999  -9999  1   1   1  99999999  0
 0 0 0 0 0 0 0 0 0
 0 0; 
]; 
%ºfbus  tbus    r   x       b   rateA   rateB   rateC  ratio angle
 status angmin angmax 
mpc.branch = [ 
    1   2 5.1653e-4  5.1653e-3  6.4533e-3  400  400  400  0  0  1  -360  
360; 
    2   3   5.1653e-4  5.1653e-3  6.4533e-3  400  400  400  0  0  1  -360  360; 
    3   1   5.1653e-4  5.1653e-3  6.4533e-3  400  400  400  0  0  1  -360  360; 
]; 
 
%%-----  OPF Data  -----%% 
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C7. fam1.m 
function f=fam1(Uhef,PHIUhgr,t1,t2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,wh) 
 
Uhmax=sqrt(2)*Uhef; 
PHIUhrad=PHIUhgr*(pi/180); 
Uh=Uhmax.*exp(1i*PHIUhrad); 
 
Yh=(1/R)+1i*wh*C; 
Mh=1+Yh.*(RE+1i*wh*LE); 
UCh=Uh./Mh; 
UChmax=abs(UCh); 
PHIUChrad=angle(UCh); 
Ih=Yh.*UCh; 
Ihmax=abs(Ih); 
PHIIhrad=angle(Ih); 
 
if D>0 
    K21=(1/((K2p-K1p)*exp(LAMB1*t2)))*(sum(Ihmax.*cos((wh*t2)+PHIIhrad))... 
        +K2p*(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))); 
    K22=(1/((K1p-K2p)*exp(LAMB2*t2)))*(sum(Ihmax.*cos((wh*t2)+PHIIhrad))... 
        +K1p*(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))); 
    K1=exp(t1/TAU)*(-K21*exp(LAMB1*(t1+(T/2)))-K22*exp(LAMB2*(t1+(T/2)))... 
        +sum(UChmax.*cos((wh*t1)+PHIUChrad))); 
elseif D<0 
    K2r=(exp(-MU*t2)/Kpi)*((Kpr*sin(EPS*t2)+Kpi*cos(EPS*t2))... 
        *(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))... 
        +sin(EPS*t2)*sum(Ihmax.*cos((wh*t2)+PHIIhrad))); 
    K2i=(exp(-MU*t2)/Kpi)*((Kpr*cos(EPS*t2)-Kpi*sin(EPS*t2))... 
        *(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))... 
        +cos(EPS*t2)*sum(Ihmax.*cos((wh*t2)+PHIIhrad))); 
    K2=K2r+1i*K2i; 
    K21=abs(K2); 
    K22=angle(K2); 
    K1=exp(t1/TAU)*(-K21*exp(MU*(t1+(T/2)))*cos((EPS*(t1+(T/2)))+K22)... 
        +sum(UChmax.*cos((wh*t1)+PHIUChrad))); 
end 
 
f=K1*exp(-t2/TAU)+sum(Uhmax.*cos((wh*t2)+PHIUhrad)); 
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C8. fam2.m 
function f=fam2(Uhef,PHIUhgr,t1,t2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,wh) 
 
Uhmax=sqrt(2)*Uhef; 
PHIUhrad=PHIUhgr*(pi/180); 
Uh=Uhmax.*exp(1i*PHIUhrad); 
 
Yh=(1/R)+1i*wh*C; 
Mh=1+Yh.*(RE+1i*wh*LE); 
UCh=Uh./Mh; 
UChmax=abs(UCh); 
PHIUChrad=angle(UCh); 
Ih=Yh.*UCh; 
Ihmax=abs(Ih); 
PHIIhrad=angle(Ih); 
 
if D>0 
    K21=(1/((K2p-K1p)*exp(LAMB1*t2)))*(sum(Ihmax.*cos((wh*t2)+PHIIhrad))... 
        +K2p*(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))); 
    K22=(1/((K1p-K2p)*exp(LAMB2*t2)))*(sum(Ihmax.*cos((wh*t2)+PHIIhrad))... 
        +K1p*(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))); 
 
    
f=K1p*K21*exp(LAMB1*(T/2))*exp(LAMB1*t1)+K2p*K22*exp(LAMB2*(T/2))*exp(LAMB2*t1)..
. 
        -sum(Ihmax.*cos((wh*t1)+PHIIhrad)); 
elseif D<0 
    K2r=(exp(-MU*t2)/Kpi)*((Kpr*sin(EPS*t2)+Kpi*cos(EPS*t2))... 
        *(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))... 
        +sin(EPS*t2)*sum(Ihmax.*cos((wh*t2)+PHIIhrad))); 
    K2i=(exp(-MU*t2)/Kpi)*((Kpr*cos(EPS*t2)-Kpi*sin(EPS*t2))... 
        *(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))... 
        +cos(EPS*t2)*sum(Ihmax.*cos((wh*t2)+PHIIhrad))); 
    K2=K2r+1i*K2i; 
    K21=abs(K2); 
    K22=angle(K2); 
 
    f=K21*exp(MU*(T/2))*exp(MU*t1)... 
        *(Kpr*cos((EPS*(t1+(T/2)))+K22)-Kpi*sin((EPS*(t1+(T/2)))+K22))... 
        -sum(Ihmax.*cos((wh*t1)+PHIIhrad)); 
end 
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C9. Ifam.m 
function [Inef,PHIInrad] = Ifam(Uhef,PHIUhgr,t1,t2,... 
    C,R,RE,LE,D,MU,EPS,LAMB1,LAMB2,TAU,K1p,K2p,Kpr,Kpi,T,w,wh,h_max,n_max) 
 
Uhmax=sqrt(2)*Uhef; 
PHIUhrad=PHIUhgr*(pi/180); 
Uh=Uhmax.*exp(1i*PHIUhrad); 
 
Yh=(1/R)+1i*wh*C; 
Mh=1+Yh.*(RE+1i*wh*LE); 
UCh=Uh./Mh; 
UChmax=abs(UCh); 
PHIUChrad=angle(UCh); 
Ih=Yh.*UCh; 
Ihmax=abs(Ih); 
PHIIhrad=angle(Ih); 
 
if D>0 
    K21=(1/((K2p-K1p)*exp(LAMB1*t2)))*(sum(Ihmax.*cos((wh*t2)+PHIIhrad))... 
        +K2p*(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))); 
    K22=(1/((K1p-K2p)*exp(LAMB2*t2)))*(sum(Ihmax.*cos((wh*t2)+PHIIhrad))... 
        +K1p*(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))); 
 
    In=Ffam_ap(K1p,K2p,K21,K22,t1,t2,T,LAMB1,LAMB2,w,... 
        Ihmax,PHIIhrad,h_max,n_max); 
elseif D<0 
    K2r=(exp(-MU*t2)/Kpi)*((Kpr*sin(EPS*t2)+Kpi*cos(EPS*t2))... 
        *(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))... 
        +sin(EPS*t2)*sum(Ihmax.*cos((wh*t2)+PHIIhrad))); 
    K2i=(exp(-MU*t2)/Kpi)*((Kpr*cos(EPS*t2)-Kpi*sin(EPS*t2))... 
        *(sum(Uhmax.*cos((wh*t2)+PHIUhrad))-
sum(UChmax.*cos((wh*t2)+PHIUChrad)))... 
        +cos(EPS*t2)*sum(Ihmax.*cos((wh*t2)+PHIIhrad))); 
    K2=K2r+1i*K2i; 
    K21=abs(K2); 
    K22=angle(K2); 
 
    In=Ffam_os(Kpr,Kpi,K21,K22,t1,t2,T,MU,EPS,w,... 
        Ihmax,PHIIhrad,h_max,n_max); 
end 
 
Inmax_se_obt=abs(In); 
PHIInrad_se_obt=angle(In); 
 
Inef_se_obt=(1/sqrt(2))*Inmax_se_obt; 
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Inef = Inef_se_obt; 
PHIInrad = PHIInrad_se_obt; 
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C10. Ffam_ap.m 
function In=Ffam_ap(K1p,K2p,K21,K22,t1,t2,T,LAMB1,LAMB2,w,... 
   Ihmax,PHIIhrad,h_max,n_max) 
 
a=Ffam_A_ap(K1p,K2p,K21,K22,t1,t2,T,LAMB1,LAMB2,w,... 
   Ihmax,PHIIhrad,h_max,n_max); 
b=Ffam_B_ap(K1p,K2p,K21,K22,t1,t2,T,LAMB1,LAMB2,w,... 
   Ihmax,PHIIhrad,h_max,n_max); 
 
In=a-1i*b; 
 
 
function a_ap=Ffam_A_ap(K1p,K2p,K21,K22,t1,t2,T,LAMB1,LAMB2,w,... 
   Ihmax,PHIIhrad,h_max,n_max) 
 
for n=1:2:n_max 
   a_ap((n+1)/2)=(4/T)*(AH_ap(n,K1p,K2p,K21,K22,t1+(T/2),LAMB1,LAMB2,w)... 
      +sum_APs(n,t1+(T/2),w,Ihmax,PHIIhrad,h_max)... 
      -AH_ap(n,K1p,K2p,K21,K22,t2,LAMB1,LAMB2,w)... 
      -sum_APs(n,t2,w,Ihmax,PHIIhrad,h_max)); 
end 
 
 
function ah_ap=AH_ap(n,K1p,K2p,K21,K22,time,LAMB1,LAMB2,w) 
 
ah_ap=((K1p*K21*exp(LAMB1*time)*(LAMB1*cos(n*w*time)... 
   +n*w*sin(n*w*time)))/(LAMB1^2+(n*w)^2))... 
   +((K2p*K22*exp(LAMB2*time)*(LAMB2*cos(n*w*time)... 
   +n*w*sin(n*w*time)))/(LAMB2^2+(n*w)^2)); 
 
 
function s=sum_APs(n,time,w,Ihmax,PHIIhrad,h_max) 
 
s=0; 
 
for h=1:2:h_max 
   s=s+AP(h,n,time,w,Ihmax,PHIIhrad); 
end 
 
 
function ap=AP(h,n,time,w,Ihmax,PHIIhrad) 
 
if h~=n 
   ap=Ihmax((h+1)/2)*((sin(((h-n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h-n)))... 
      +(sin(((h+n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h+n)))); 
elseif h==n 
   ap=Ihmax((n+1)/2)*(((time*cos(PHIIhrad((n+1)/2)))/2)... 
      +(sin((2*n*w*time)+PHIIhrad((n+1)/2))/(4*n*w))); 
end 
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function b_ap=Ffam_B_ap(K1p,K2p,K21,K22,t1,t2,T,LAMB1,LAMB2,w,... 
   Ihmax,PHIIhrad,h_max,n_max) 
 
for n=1:2:n_max 
   b_ap((n+1)/2)=(4/T)*(BH_ap(n,K1p,K2p,K21,K22,t1+(T/2),LAMB1,LAMB2,w)... 
      +sum_BPs(n,t1+(T/2),w,Ihmax,PHIIhrad,h_max)... 
      -BH_ap(n,K1p,K2p,K21,K22,t2,LAMB1,LAMB2,w)... 
      -sum_BPs(n,t2,w,Ihmax,PHIIhrad,h_max)); 
end 
 
 
function bh_ap=BH_ap(n,K1p,K2p,K21,K22,time,LAMB1,LAMB2,w) 
 
bh_ap=((K1p*K21*exp(LAMB1*time)*(LAMB1*sin(n*w*time)... 
   -n*w*cos(n*w*time)))/(LAMB1^2+(n*w)^2))... 
   +((K2p*K22*exp(LAMB2*time)*(LAMB2*sin(n*w*time)... 
   -n*w*cos(n*w*time)))/(LAMB2^2+(n*w)^2)); 
 
 
function s=sum_BPs(n,time,w,Ihmax,PHIIhrad,h_max) 
 
s=0; 
 
for h=1:2:h_max 
   s=s+BP(h,n,time,w,Ihmax,PHIIhrad); 
end 
 
 
function bp=BP(h,n,time,w,Ihmax,PHIIhrad) 
 
if h~=n 
   bp=Ihmax((h+1)/2)*((-cos(((h+n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h+n)))... 
      +(cos(((h-n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h-n)))); 
elseif h==n 
   bp=Ihmax((n+1)/2)*((-cos((2*n*w*time)+PHIIhrad((n+1)/2))/(4*n*w))... 
      -((time*sin(PHIIhrad((n+1)/2)))/2)); 
end 
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C11. Ffam_os.m  
function In=Ffam_os(Kpr,Kpi,K21,K22,t1,t2,T,MU,EPS,w,... 
    Ihmax,PHIIhrad,h_max,n_max) 
 
a=Ffam_A_os(Kpr,Kpi,K21,K22,t1,t2,T,MU,EPS,w,... 
   Ihmax,PHIIhrad,h_max,n_max); 
b=Ffam_B_os(Kpr,Kpi,K21,K22,t1,t2,T,MU,EPS,w,... 
   Ihmax,PHIIhrad,h_max,n_max); 
 
In=a-1i*b; 
 
 
function a_os=Ffam_A_os(Kpr,Kpi,K21,K22,t1,t2,T,MU,EPS,w,... 
   Ihmax,PHIIhrad,h_max,n_max) 
 
for n=1:2:n_max 
   a_os((n+1)/2)=(4/T)*(AH_os(n,Kpr,Kpi,K21,K22,t1+(T/2),MU,EPS,w)... 
      +sum_APs(n,t1+(T/2),w,Ihmax,PHIIhrad,h_max)... 
      -AH_os(n,Kpr,Kpi,K21,K22,t2,MU,EPS,w)... 
      -sum_APs(n,t2,w,Ihmax,PHIIhrad,h_max)); 
end 
 
 
function ah_os=AH_os(n,Kpr,Kpi,K21,K22,time,MU,EPS,w) 
 
ah_os=((K21*exp(MU*time))/2)... 
   *((Kpr/(MU^2+(EPS-n*w)^2))*(MU*cos(((EPS-n*w)*time)+K22)... 
   +(EPS-n*w)*sin(((EPS-n*w)*time)+K22))... 
   +(Kpr/(MU^2+(EPS+n*w)^2))*(MU*cos(((EPS+n*w)*time)+K22)... 
   +(EPS+n*w)*sin(((EPS+n*w)*time)+K22))... 
   -(Kpi/(MU^2+(EPS+n*w)^2))*(MU*sin(((EPS+n*w)*time)+K22)... 
   -(EPS+n*w)*cos(((EPS+n*w)*time)+K22))... 
   -(Kpi/(MU^2+(EPS-n*w)^2))*(MU*sin(((EPS-n*w)*time)+K22)... 
   -(EPS-n*w)*cos(((EPS-n*w)*time)+K22))); 
 
 
function s=sum_APs(n,time,w,Ihmax,PHIIhrad,h_max) 
 
s=0; 
 
for h=1:2:h_max 
   s=s+AP(h,n,time,w,Ihmax,PHIIhrad); 
end 
 
 
function ap=AP(h,n,time,w,Ihmax,PHIIhrad) 
 
if h~=n 
   ap=Ihmax((h+1)/2)*((sin(((h-n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h-n)))... 
      +(sin(((h+n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h+n)))); 
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elseif h==n 
   ap=Ihmax((n+1)/2)*(((time*cos(PHIIhrad((n+1)/2)))/2)... 
      +(sin((2*n*w*time)+PHIIhrad((n+1)/2))/(4*n*w))); 
end 
 
 
function b_os=Ffam_B_os(Kpr,Kpi,K21,K22,t1,t2,T,MU,EPS,w,... 
   Ihmax,PHIIhrad,h_max,n_max) 
 
for n=1:2:n_max 
   b_os((n+1)/2)=(4/T)*(BH_os(n,Kpr,Kpi,K21,K22,t1+(T/2),MU,EPS,w)... 
      +sum_BPs(n,t1+(T/2),w,Ihmax,PHIIhrad,h_max)... 
      -BH_os(n,Kpr,Kpi,K21,K22,t2,MU,EPS,w)... 
      -sum_BPs(n,t2,w,Ihmax,PHIIhrad,h_max)); 
end 
 
 
function bh_os=BH_os(n,Kpr,Kpi,K21,K22,time,MU,EPS,w) 
 
bh_os=((K21*exp(MU*time))/2)... 
   *((Kpr/(MU^2+(EPS+n*w)^2))*(MU*sin(((EPS+n*w)*time)+K22)... 
   -(EPS+n*w)*cos(((EPS+n*w)*time)+K22))... 
   -(Kpr/(MU^2+(EPS-n*w)^2))*(MU*sin(((EPS-n*w)*time)+K22)... 
   -(EPS-n*w)*cos(((EPS-n*w)*time)+K22))... 
   -(Kpi/(MU^2+(EPS-n*w)^2))*(MU*cos(((EPS-n*w)*time)+K22)... 
   +(EPS-n*w)*sin(((EPS-n*w)*time)+K22))... 
   +(Kpi/(MU^2+(EPS+n*w)^2))*(MU*cos(((EPS+n*w)*time)+K22)... 
   +(EPS+n*w)*sin(((EPS+n*w)*time)+K22))); 
 
 
function s=sum_BPs(n,time,w,Ihmax,PHIIhrad,h_max) 
 
s=0; 
 
for h=1:2:h_max 
   s=s+BP(h,n,time,w,Ihmax,PHIIhrad); 
end 
 
 
function bp=BP(h,n,time,w,Ihmax,PHIIhrad) 
 
if h~=n 
   bp=Ihmax((h+1)/2)*((-cos(((h+n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h+n)))... 
      +(cos(((h-n)*w*time)+PHIIhrad((h+1)/2))/(2*w*(h-n)))); 
elseif h==n 
   bp=Ihmax((n+1)/2)*((-cos((2*n*w*time)+PHIIhrad((n+1)/2))/(4*n*w))... 
      -((time*sin(PHIIhrad((n+1)/2)))/2)); 
end 
